Parkinsonian tremor manifests in different types: rest, postural, and action tremors. The postural tremor occurs while a body part is held straight out from the body in a stable position against gravity. The Unified Parkinson's Disease Rating Scale (UPDRS), which is a subjective assessment performed by the qualitative judgment of neurologists, is the clinical standard for parkinsonian tremor assessment. Despite the common use of subjective methods, inertial measurement unit (IMU) sensors are largely used in many studies as a motion capture system to objective assessment of tremors. However, this kind of sensor must be attached to the patient's body, it limits the patient's movements and requires specific techniques for correct positioning in the limb. In this sense, non-contact capacitive (NCC) sensors are an alternative proposed in this research to record the motor activity of the hand and wrist during a pose against gravity. In order to assess the postural tremor and evaluate this novel sensing technology, data from ten subjects, five with Parkinson's disease (PD) and five neurologically healthy (H) matched in age and sex, were collected. We analyzed the instantaneous mean frequency (IMNF) of the signals from NCC and gyroscope sensors for both groups. The selected descriptive statistical variables allowed discrimination (p < 0.05) among subjects from H and PD groups while using the gyroscope or the NCC sensor. The obtained results indicate that the NCC sensor can measure the postural hand tremor, and also that frequency features extracted from the collected signals can be used to discriminate subjects from both groups.
I. INTRODUCTION
Parkinson's disease (PD) is a complex neurodegenerative disorder characterized by typical motor symptoms such as bradykinesia, postural instability, muscular rigidity, and resting tremor [1] . Although tremor is the most recognized symptom, it is not the most prevalent one. Its prevalence is about 75% in the individuals with PD, which interferes in their daily activities and reduces significantly the quality of life of these individuals [2] . * Rest tremor occurs while the body segment is maintained at rest and it is typically in the 3 to 6 Hz frequency range. Postural tremor is also present in some patients with the disease. The postural tremor affects body parts during the maintenance of a posture, such as holding a cup. The frequency of postural tremor is usually between 4 and 12 Hz [3] .
Currently, severity scales, which are considered the gold standard, are usually used for the assessment of these symptoms in a clinical environment [4] . However, several studies are using sensors such as accelerometer, gyroscope, magnetometer, and electromyography for the evaluation of the PD motor signs [5] - [7] . The goal of an objective assessment is to identify subtle changes in the disorder progression, and to evaluate the efficacy of therapies and medications in a more consistent way.
Although a number of studies using these sensors show relevant outcomes and high correlation with the severity scales [8] , there are challenges that are intrinsic to the use of contact sensors [9] , [10] . These sensors can cause skin irritation and require careful skin preparation. In this sense, the non-contact capacitive sensor is an alternative for the evaluation of biopotentials, which presents many advantages as replicability, stability in a long-term task, patient comfort, besides providing possible applicability for daily monitoring [10] .
Non-contact capacitive (NCC) sensors are capable to measure perturbations in the electric field caused by objects with dielectric properties such as the human body [11] . By using this technology, it is possible to recognize various human activities.
The aim of this research was to: (i) verify the possibility of the NCC sensor measuring postural tremor; (ii) compare data of the NCC sensor with those obtained by a gyroscope; (iii) discriminate data obtained from both sensors with the aim of characterizing frequency features of healthy and PD individuals. 
A. Participants
This is ongoing research that has been approved by the National Committee for Ethics in Research (CAAE: 65165416.4.0000.5152). Ten subjects, being five healthy (H) and five suffering from PD participated in this study. The subjects from each group were paired in terms of age and sex.
Subjects with PD were evaluated for the severity of postural tremor using the Unified Parkinson's Disease Rating Scale (UPDRS) [4] . Three skilled UPDRS raters evaluated the subjects.
For the clinical assessment of postural tremor, it was considered the item 3.15 of UPDRS, which deals with the evaluation of postural tremor of the hands. UPDRS tremor ratings are from 0 to 4, meaning normal, slight, mild, moderate, and severe, respectively. Table 1 shows the characteristics of patients with PD and the mean UPDRS scores. 
B. Experimental Setup
The experiments were carried out in an open unshielded environment ( Fig. 1) . A three-axial gyroscope (L3GD20H, STMicroelectronics, Switzerland) [12] , [13] was positioned on the dorsal region of the hand together with a laser pointer for aiding the subject to execute the postural task ( Fig. 1 ). Two pairs of non-contact capacitive (NCC) sensors (PS25454, Plessey semiconductors, UK) were attached to a custom-made structure ( Fig. 1 ) that included a squared board used for guiding the participant. Each pair of sensor defines an axis (x or y).
The used NCC sensor is an implementation of the Electric Potential Sensor (EPS) technology [14] . This is a generic electric field measurement technology which has a wide range of applications [14] .
The subjects were instructed to keep the hand in a pose against gravity (Fig. 1) with a visual laser point at the central region of the board (highlighted with a crossed circle). The subjects were asked to keep this pose during 10 s for three times with a rest between trials.
Signals collected from the gyroscope were sampled at 50 Hz and from the NCC at 3 kHz; they were synchronized by an external trigger. The x and y-axes of the NCC sensor correspond to the z and y coordinates of the gyroscope, respectively. 
C. Signal Pre-processing
The signal obtained from the gyroscope was pre-processed by using a moving average filter and a nonlinear detrending technique described in [13] . For the signals detected from the capacitive sensors, the following sequence of steps was employed: (i) the signal envelope of the peaks of the 60 Hz component was estimated in order to remove the carrier signal; (ii) the same sequence of steps applied for the gyroscope [13] .
D. Frequency Analysis
The NCC sensor detects the disturbances in the local electric field and translates this into a signal composed of the sum of all disturbances detected in the electric field. So, prior to proceeding with the frequency analysis, we filtered out the highest frequency component of the signal from the NCC sensor by using Empirical Mode Decomposition (EMD). The employed method for frequency analysis is described in detail in [15] .
After removing the highest frequency component of the signal from the NCC sensor, the following steps were applied for the signals of both sensors: (i) estimate the instantaneous mean frequency (IMNF) based on Hilbert spectrum (HS) [15] ; (ii) calculate some of the key values of the descriptive statistics (i.e., minimum value excluding outliers, first quartile, median, third quartile and maximum value excluding outliers); (iii) apply a statistical test to check the statistical significance of the differences between the H and PD groups, considering the estimated descriptive statistical features for each axis. Fig. 2 depicts typical waveforms obtained from two subjects, from H and PD groups, respectively. They were executing the task pose against gravity.
III. RESULTS

A. Typical Waveforms
From Fig. 2 it is possible to visually compare the signals from both sensors and from both groups. The postural tremor is apparent for the person with PD. Fig. 3 shows the estimation of IMNF, by means of the HS, for signals collected from the postural task. Each repetition of the task was a 10-s time-series from which the IMNF was estimated. Figs. 4 and 5 show the distribution of all features for both groups and both axes, respectively, considering the NCC and gyroscope sensors. Since the data did not fit a normal distribution, the Wilcoxon Mann-Whitney test was performed to compare the groups (H and PD) and to identify parameters capable of discriminating them, with a significance level of 95% (p < 0.05).
B. Frequency Analysis
All features, except max, showed a significant difference between H and PD for the NCC sensor (y-axis), as shown in Fig. 4 . For the gyroscope sensor, all features, except q1, showed a significant difference between H and PD (y-axis), as depicted in Fig. 5 . 
IV. DISCUSSION
Tremor is one of the most common motor disorders of PD and consequently, its detection plays a crucial role in the management and treatment of PD patients. In this sense, many sensors and techniques are employed to quantify the type, frequency, and amplitude of tremors during its occurrences. Most studies [2] , [3] , [16] address this challenge by using contact sensors (e.g., inertial sensors), and this approach has limitations. So, in order to overcome these drawbacks, an alternative is to use NCC sensors.
Furthermore, NCC sensor can be beneficial in many ways: (i) for people who have sensitive skin such as the elderly, being this most people suffering from PD [10] ; (ii) invisible application, once they work without contact and even through the wall [17] ; (iii) as a tool to allow exam in environments with high risk of contamination by contact.
The obtained results indicate that both sensors, the NCC and gyroscope, can measure the postural hand tremor. Data collected from these sensors can be used to discriminate healthy and PD individuals.
All PD subjects presented postural tremor during data collection. Normally, the hand oscillations (tremor) variates in terms of amplitude and frequency along the time [3] , and this phenomena can be noted in Fig. 3b for both sensors.
From the analysis of Figs. 4 and 5 it is possible to see that in the case of the y-axis, in general, all distributions for the H group presented less variance when compared to the distributions of the PD group. This fact corroborates with the literature regarding the variation of postural tremor frequency for individuals with PD [16] .
Regarding the quantitative assessment of PD, we can distinguish two steps: (i) the first one aims to discriminate a person with PD from the one without PD based on inertial activity (diagnosis phase); (ii) the second one is related to the prognosis phase when it is relevant to track the disease progression. This study focuses on the first step and it brings relevant results that can contribute to the monitoring of the motor signs of PD over time.
Information obtained from the gyroscope sensor allowed for better discrimination between the H and PD groups, as shown in Fig 5. This may be a consequence of the experimental setup adopted in this research. For instance, we employed four NCC sensor units with a distance of 22 cm between each other for each pair (x and y axes). Other experimental setups could be evaluated in future studies, as the literature shows that distance and number of sensors impact directly in the acquired signal [18] .
V. CONCLUSION
The results showed that it is possible to employ NCC sensors to measure postural tremor. The analysis of frequency features extracted from the collected signals of NCC and gyroscope sensors showed that these data allow for the discrimination between healthy and PD groups.
Furthermore, it could be interesting to compare the proposed approach with other possible electromagnetic technologies, such as millimeter-wave radar sensors.
